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Table 5

Food preferences of dorid nudibranchs in the laboratory.
The relative amount of any sponge eaten by one nudibranch was estimated by the proportion of the
characteristic spicule types in a well-mixed sample of the feces of that animal (see text for further details).

Percent appearing in feces

Caecate Halichondria Myxalla Hualiclona Moycale
Sample or panicea incrustans permollis adhaerens
Dorid species size acaecate non-reticulate semi-reticulate isodictyal highly reticulate
Archidoris monterevensis 3 . C 83 17 0 0
Archidoris odhner 3 C 53 30 0 17
Anisodoris nobilis 3 A 2 20 5 73
random samples of mosaic - 6 27 25 23 25

REST, 1953), or it does not (Fournier, 1969; Broom,
1974) . Unfortunately, the digestive morphology of dorids
is rarely mentioned in the taxonomic literaturc and the
presence or absence of a caccum must be inferred from
other dorids within a given subfamily.

Sponge skeletal morphology is also quite diverse, but
tends to be similar within a given order. The order Hali-
chondrida is characterized by spicules and spongin “inter-
mingled without definite localization” (Hyman, 1940).
Bundled megascleres characterize the order Hadromerida
whilc an 1sodictyal pattern (a pattern in which a 3-di-
mensional lattice 1s formed by spicules interconnected at
their tips by spongin) characterizes the order Haploscleri-
da. The large order Poecilosclerida has a variety of skel-
etal types but is, in general, characterized by a reticulate
network of interconnected spicules and spongin (HyMaN,
op. cit.). Sponges, then, can be arranged to form a dis-
continuous resource gradient with regard to increasing
difficulty of fragmentation. In other words, the first
sponges would be the non-reticulated sponges (Halichond-
rida ), followed by thc bundled sponges (Hadromerida),
then the semi-reticulated sponges (Haplosclerida) and
ending with the highly reticulated sponges (Pocciloscleri-
da). There are exceptions to these generalities and the
actual descriptions of the skeletons of sponges which ap-
pear in dorid diets are given in Tablc 1 and their ranking
is presented in Table 3.

The presencc of a caecum appears to be a critical
factor in dorid digestive strategics. A dorid with a caccum
can handle large quantitics of large and usually sharply-
pointed spicules rcleased by digestion of an unorganized
or non-rcticulated spongc. However, modifications of the

radula and the intestine to handle non-reticulated sponge
tissue and fecal-spicule ropes respectively appear to exact
an energetic disadvantage when feeding on a more-reti-
culated sponge (the data supporting these generalities
will be presented in a forthcoming paper).

Conversely, the absence of the caecum, paired with a
more robust radula and a more muscular intestine, appear
to be adaptations to a more-reticulated prey. Utilizing
caecal and radular characteristics, the prediction is that
animals with a caecum should preferentially consume
non-reticulated sponges while animals without a caecum
should preferentially consume reticulated sponge prey.
Animals with more robust radulae, i. ¢., fewer but larger
and more strongly-hooked tceth, should preferentially
consume more-reticulated sponges than animals sharing
the same caecal characteristics but having less robust
radulac. Due to lack of information on the size of radulae
rclative to the sizc of the animals, the only consistent
mcasurc of radular robustness rcadily available is the
degrce of “hook” or curvaturc of the radular teeth (Fig-
urc 1).

These predictions can be tested by regarding the data
presented in Table 3 as points plotted on a Cartesian co-
ordinate system and statistically analyzing the point dis-
tribution for randomness and correlation between the axes.
The horizontal axis is the discontinuous resource gradient
of sponges mentioned earlier, with non-reticulated sponges
on the left. The vertical, or dorid, axis is arranged with
all caecate animals as a group placed above all acaecate
animals. Within these 2 categories, the subfamilies and
the specics within the subfamilies are arranged by mean
radular toothi-curvature with the degree of hook increasing
from top to bottom.
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Given the arrangement of these axes, the prediction
made above would imply a diagonal cluster from upper
left (caecate, non-reticulated) to lower right (acaecate,
reticulated). Visually, there does appear to be such a
cluster (Table 3).

These data were analyzed statistically by regarding the
table as a contingency table and testing for randomness.
The results of such testing are presented in Table 4."When
Table 3 is regarded as a 2 X 2 contingency table (caecate
vs. acaecate; non-reticulated vs. reticulated), the chi-
square statistic is sufficiently large to allow rejection of the
null hypothesis of a random point distribution at the
0.025 level.

Further subdivision of the sponge axis results in an
even more significant rejection (p < 0.001). This in-
crease in the confidence that there is a relation between
the axes may well be due to the addition of radular hook
information. The correlation of the 2 axes is 0.45 (Con-
tingency Coefficient) and the correlation is significant at
the 0.001 level (Siecer, 1956).

Laboratory food preferences demonstrate the same pat-
tern. The experimental design was such that the dorids
were exposed to equal quantities of 4 sponges of widely
varying skeletal complexity by placing the animals on a
well-mixed sponge mosaic. If the ratio of characteristic
spicule type in the feces for the 4 sponges was approxi-
mately equal to the ratio of those spicules in the control
samples, the dorid producing the feces would have treated
the mosaic in a generalized manner. If the ratio in the
feces differed markedly from the ratio in the controls, the
animal preferentially selected only certain grain-types in
the mosaic. As shown in Table 5, caecate animals prefer-
entially consumed non-reticulated sponges while acaecate
animals preferentially consumed reticulated sponges.

The demonstration that there is a correlation between
sponge and dorid morphologies may help to explain some
of the puzzling variations in dorid morphology and is proof
that there are specializations within the category of
sponge-rasping dorid nudibranchs.

SUMMARY

1. Dorid digestive morphology is reviewed and the hypo-
thesis that there are specializations within the category
of sponge-rasping dorid nudibranchs as shown by a cor-
relation of dorid morphology to sponge skeletal morpho-
logy is advanced.

2. Information on dorid diets is collected from a large
number of fecal samples of 6 species of dorids found
in the San Juan Archipelago, Washington, and from the

literature, and is summarized to allow testing of the
hypothesis.

3. There is a statistically significant correlation of dorid-
to-sponge morphologies as shown by an analysis of
dorid diets in nature.

4. Laboratory feeding-preference experiments support the
conclusions reached through correlative means.

ACKNOWLEDGMENTS

I wish to thank my SCUBA diving buddies Ron Shimek
and Paul Raymore for their aid in the collection of the
dorids; Dr. G. J. Bakus for his invaluable aid in sponge
identifications; the Friday Harbor Laboratories for
making the necessary facilities available; Dr. A. J. Kohn
for reading and critizing the early version of this research;
and Dr. J. L. Simon for reviewing this version. I especially
wish to acknowledge the aid of my wife, Kimmy, both in
the laboratory and in the field. This research was partially
supported by NSF Grant GA-35120.

Literature Cited

ABerLoos, M. &« R. Aseroos
1932. Sur les pigments hépatiques de Doris tuberculata Cuv. (Mol-
lusque: Nudibranche) et leurs relations avec les pigments de Iéponge
Halichondria panicea Pall. C. R. Soc. Biol. Paris 109: 1238 - 1240
ALDER, JOoSHUA & ALBANY HANcOCK
1844-1855. A monograph of the British nudibranchiate Mollusca, with
figures of all the species. London, Ray Soc. prts. 1-7: 438 pp.;
84 plts.
ANDERSON, E11ZABETH STRATTON
1971. The association of the nudibranch Rostanga pulchra MacFarland-
(1905) with the sponges Ophlitaspongia pennata, Esperiopsis originalis,
and Plocamia karykina. Ph. D. thesis, Univ. Calif. Santa Cruz
Aviing, A. M.
1968. The feeding behavior of Restanga rubicunda (Mollusca, Nudi-
branchia). Tane 14: 25 - 42
Bakus, GERALD JOSEPH
1966. Marine poeciloscleridian sponges of the San Juan Archipelago,
Waslkington. Journ. Zool. London 149: 415 -531
BercH, RupoLr Lubwic SorHUS
1879. On the nudibranchiate gasteropod Mollusca of the North Pacific
Ocean, with special reference to those of Alaska. Proc. Acad. Nat. Sci.
Philadelphia, prt. 1; 31: 127-188; plts 1-8 (10 May 1879)
1880. On the nudibranchiate gastropod Mollusca of the North Pacific
Ocean, with special reference to those of Alaska. Part II. Proc.
Acad. Nat. Sci. Philadelphia 32: 40- 127
BeroquisT, PaTricia R, o
1961. A collection of Porifera from northern New Zealand, with de-
scriptions of seventeen new species. Pacif. Sci. 15: 33 -48
1965a.  Sponges of New Zealand. Part 1. Tetractinomorpha and Lith-
istida. New Zeal. Dept. Sci. Ind. Res. Bull. 188 (also under New
Zeal. Ocean. Inst. Mem. 37): 106 pp.
1965h. The sponges of Micronesia, Part 1: The Palau Archipelago.
Pacif. Sci. 19: 123 - 204
1970. The marine fauna of New Zealand: Porifera, Demospongiae,
Part 2 (Axinellida and Halichondrida). New Zcal. Dept. Sci. Ind.
Res. Bull. 197 (also New Zeal. Ocean Inst. Mem. 51): 85 pp.
BercouisT, PaTricia R. & WirLaro D. HarTMAN
1969. Free amino acid patterns and the classification of the Demo-
spongiac. Marine Biol. 3: 247 - 268



Page 300

THE VELIGER

Vol. 18; No. 3

BEercqQuisT, Patricia R., Joun E. MorTON & CATHERINE A. T1zarD

1971. Some Demo spongiae from the Solomon Islands with descrip-

tive notes on the major sponge habits. Micronesia 7: 99 - 121
BrooMm, STEPHEN A.

1974. Resource partitioning among the doridacean nudibranch mol-
luscs of the San Juan Archipelago, Washington. Ph. D. disserta-
tion, Univ. Wash.

Brown, WiLiam L. & Epwarp O. WiLson
1956.  Character displacement. Syst. Zool. 5: 49 - 64
BurN, ROBERT

1968.  Archidoris odhneri (MacFarland, 1966) comb. nov., with some

comments on the species of the genus on the Pacific Coast of North

America. The Veliger 11 (2): 90-92 (1 October 1968)
BurToN, MAURICE
1929. Porifera. Part I1I. Antarctic sponges. Brit. Antarct. Terra
Nova Exped. 1910 (Zool.) 6: 393 - 458
1963. A revision of the classification of the calcareous sponges.

Brit. Mus. (Nat. Hist.), London, 639 pp.
CarerooT, THomas H.
1967.  Growth and nutrition of three species of opisthobranch mol-
luscs. Journ. Comp. Biochem. Physiol. 21: 627 - 652
Copy, MarTiN L.
1968. On the methods of resource division in grassland bird commu-
nities. Amer. Natural. 102: 107 - 147
Cook, Emiy F
1962. A study of food choices of two opisthobranchs, Rostanga pulch-
ra MacFarland and Archidoris montereyensis (Cooper). The Veli-
4 (4): 194-196; 4 text figs. (1 April 1962)
DarriNGTON, PHiLIe ], Jr.
1972. Competition, competitive repulsion and coexistence. Proc.
Nat. Acad. Sci. USA 69: 3151 - 3155
Dayton, Paur K., GorpoN A. RoBILLIARD & ROBERT TREAT PAINE
1970. Benthic faunal zonation as a result of anchor ice at McMurdo
Sound, Antarctica. in Antarctic Ecology 1: 244 - 258. Acad.
Press, New York, N. Y.
DELAUBENPELS, Max WALTER

1927. The red sponges of Monterey Peninsula, California. Ann.
Mag. Nat. Hist. (9) 19: 258 - 266
1932.  The marine and freshwater sponges of California. Proc. U.

S. Nat. Mus. 81 (4): 1-140
1936. A discussion of the sponge fauna of the Dry Tortugas in par-
ticular and the West Indies in general, with material for a revision of
the families and orders of the Porifera. Carnegie Inst. Wash. Publ.
467 (Pap. Tortugas Lab. 30): 225 pp.
1950. The sponges of Kaneohe Bay, Oahu.
1951. The sponges of the island of Hawaii.
1954. ‘The sponges of the west-central Pacific.
Monogr. 7: 319 pp.
1957. New species and records of Hawaiian sponges.
11: 236 - 251
1961. Porifera of Friday Harbor and vicinity.
192 - 202
DeNDY, ARTHUR
1924. Porifera Part 1. Non-Antarctic sponges.
ra Nova Exped. 1910 (Zool.) 6: 269 - 392
EpincToN, J. M. &« M. A. EpINGTON
1972. Spatial patterns and habitat partitioning in the breeding birds of
an upland wood. Journ. Animal Ecol. 42: 33] - 358

Pacif. Sci. 4: 13- 36

Pacif. Sci. 5: 256 - 271
Oregon State Coll.

Pacif. Sci.

Pacif. Sci. 15:

Brit. Antarctic Ter-

EvoT, N. E.
1877. On some nudibranchs from the Pacific, including a new genus,
Chromodoridella. Proc. Malac. Soc. London 6: 229 - 238

1907. Nudibranchs from New Zealand and the Falkland Islands.
Proc. Malacol. Soc. London 7: 327 - 361
Emery, ALAN R.

1973. Comparative ecology and functional osteology of fourteen spe-
cies of damselfish (Pisces: Pomacentriidae) at Alligator Reef, Florida
Keys. Bull. Mar. Sci. 23: 649 - 770

EmLeN, JouN MERRITT

1966. The role of time and energy in food preferences. Amer. Nat.
100: 611-617

1968. Optimal choice in animals. Amer. Nat. 102: 385 - 389

Evans, T.
1953.  Alimentary and vascular systems of Alderia modesta in relation

to its ecology. Proc. Malacol. Soc. London 29: 249 - 258
FisHEr, Nora
1937.  Notes on British opisthobranchs. 1. The ecology of Archidoris

flammea (A & H). Journ. Conchol. 20: 362 - 369

Forresr, J. E.

1953. On thc feeding habits and the morphology and mode of func-
tioning of the alimentary canal in some littoral dorid nudibranchiate
Mollusca. Proc. Linn. Soc. London 64: 225 - 235

FouRNIER, ANNIE

1969. Anatomie, histologie, et histochimie du tube digestif de Pelto-

doris atromaculata Bergh. Vie et Milieu 20: 73 - 93
Franz, Davip R.

1970.  The_distribution of the nudibranch Doris verrucosa Linné in the

Northwest Atlantic. The Nautilus 83: 80 - 85
FryEr, G.

1959. The trophic interrelationships and ecology of some littoral com-
munities of Lake Nyasa and a discussion of the evolution of a group of
rock-frequenting Cichlidae. Proc. Zool. Soc. London 132: 153 - 281

GARSTANG, WALTER

1889. Report on the nudibranchiate Mollusca of Plymouth Sound.

Journ. Mar. Biol. Assoc. U. K. 1: 173 - 198
GRAHAM, ALASTAIR

1938.  The structure and function of the alimentary canal of aeolid
molluscs, with a discussion of their nematocysts. Trans. Roy. Soc.
Edinb. 59: 267 - 307

HaNcock, ALBANY & DENNIS EMBLETON

1852.  On the anatomy of Doris.

142: 207 - 252
HecuTEL, GEORGE JOHN

1965. A systematic study of the Demospongiae of Port Royal, Jamaica.

Pcabody Mus. Nat. Hist., Yale Univ. 20: 104 pp.
Hiceins, THOMAS

1897.  Description of some sponges obtained during a cruise of the
steam-yacht ‘Argo’ in the Caribbean and neighboring seas. Ann.
Mag. Nat. Hist. 4: 291 - 299

HursT, ANNE

1965. Studies on the structure and function of the feeding apparatus of
Philine aperta with a comparative consideration of some other opistho-
branchs. Malacologia 2: 221 - 347

HutcHiNsoN, GEORGE EVELYN

1966. The sensory aspects of taxonomy, pleiotropism and the kinds of

manifest evolution. Amer. Natural. 100: 533 - 539
Hvutron, E W.

1881. Notes on some branchiate Mollusca.

14: 162 - 167
Hyman, LisBie HENRIETTA

1940. The Invertebrates: Protozoa through Ctenophora. vol. 1. Mec-

Graw-Hill, New York, N. Y. 726 pp.
IREDALE, ToMm & CHARLES HENRY O’DONOGHUE

1923. List of British nudibranchiate Mollusca.

London 15: 195 - 223
IsEry, F. B.

1974.  Correlation between mandibular morphology and food specifici-

ty in grasshoppers. Ann. Ent. Soc. Amer. 37: 47 - 67
Jones, RoBERT S. .

1968.  Ecological relationships in Hawailian and Johnston Island Acanth-

uridae (Surgeonfishes). Micronesia 4: 309 - 361
KEasT, J. ALLEN & D. WEBB

1966. Mouth and body form relative to feeding ecology in the fish
fauna of a small lake, Lake Opinicon, Ontario. Journ. Fish. Res.
Brd. Canada 23: 1845 - 1874

Lack, Davip

1947. Darwin’s Finches.

land; 208 pp.
LanvLi, Caror M. o

1970. Structure and function of the buccal apparatus of Cliona lima-
cina (Phipps) with a review of feeding in gymnos omatous pteropods.
Journ. Exper. Mar. Biol. Ecol. 4: 101 - 118

Licat, Sor Ferty, RaLra INGraM SMiTH, FRANK ALrovsius PITELKA,
DonaLp PurNaMm ABBOTT & FRANCES M. WEESNER

1954. Intertidal invertebrates of the central California coast. i-xii+

443 pp.; 138 figs. Berkeley, Calif. (Univ. of Calif. Press)
MacARTHUR, RoBERT H. & Eric R. Pianka

1966. On optimal use of a patchy environment.

100: 603 - 609
MacFarrLanp, FRaANk MACE

1905. A preliminary account of the Dorididae of Monterey Bay, Cali-
fornia. Proc. Biol. Soc. Wash. 18: 35 - 54

1966. Studics of opisthobranchiate mollusks of the Pacific coast of
North America. Mem. Calif. Acad. Sci. 6: xvi+546 pp.; 72 plts.
Y (8 April 1966)

Phil. Trans. Roy. Soc. London

Trans. New Zeal. Inst.

Proc. Malacol. Soc.

Cambridge Univ. Press, Cambridge, Eng-

Amer. Natural.




Vol. 18; No. 3

THE VELIGER

Page 301

McBeTH, JaMEs W.
1970. The deposition and biochemistry of carotenoid pigments in
nudibranchiate Mollusca.  Ph. D. dissertation, Univ. Calif. San Diego.
McMiLLian, M.
1942. Food of nudibranchs,
Marcus, ErRNsST
1959.  Lamellariacea und Opisthobranchia. In: Reports of the Lund
University Chile Expedition 1948-49, No. 36. Lunds Univ. Arsskr.
N. F (2)55(9): 1-133; figs. 1-196 (20 March 1958)
MEenNGE, Bruce
1972. Foraging strategy of a starfish in relation to actual prey avail-
ability and environmental predictability. Ecol. Monogr. 42: 25 -49
MiLLer, MicHAEL CHARLES
1961.  Distribution and food of the nudibranchiate Mollusca of the
south of the Isle of Man. Journ. Anim. Ecol. 30: 95 - 116
MirroTT, NoRMAN
1937.  On the morphology of the alimentary canal, process of feeding
and physiology of digestion of the nudibranch mollusc, Jorunna tomen-
tosa (Cuvier). Phil. Trans. Roy. Soc. London (B) 228: 173-217
Morsg, M. PaTricIA
1968.  Functional morphology of the digestive system of the nudibranch
mollusc Acanthodoris pilosa. Biol. Bull, 134 (2): 305-319
MorToN, JouN Epwarp & M. C. MILLER
1968. The New Zealand Sea-shore.
ODHNER, NILS HJALMAR
1934. The Nudibranchiata,  In Brit. Antarct. (“Terra Nova”) Exped.,
1910, Zoology, 7(5): 229 - 309, plts. 1 - 3. London
O’DonocaUE, CHARLES HENRY
1927. Notes on a collection of nudibranchs from Laguna Beach, Cali-
fornia. Journ. Entom. Zool. Clairmont, Calif. 19: 97 - 118
Paine, RoBerT TREAT & RoBERT L. Vapas
1969.  Calorific values of benthic marine algae and their postulated
relation to invertebrate food preference. Mar. Biol. 4: 79 - 86
Perkins, R. C. L.
1903. Vertebrata. In Fauna Hawaiiensis 1.
Press, London, pp. 355 - 466
Pianka, Eric R.
1969.  Sympatry of desert lizards (Ctenotus) in western Australia.
Ecology 50: 1012 - 1030
PruvoTt-FoL, ALICE
1951.  Etude des nudibranches de la Méditerrannée.
Exp. Gén. 88 (1): 1-80
1954,  Mollusques opisthobranches.
plt.; 173 text figs.
RoLrER, RicHARD A.
1970. A list of recommended nomenclatural changes for MacFarland’s
“Studies of opisthobranchiate mollusks of the Pacific Coast of North
America.” The Veliger 12 (3): 371-374 (1 January 1970)

Journ. Conchol. 21: 237

Collins, London, 638 pp.

Cambridge Univ.

Arch. Zool.

In Faune de France 58: 1-460; 1

Rose, R. M.

1971. Functional morphology of the buccal mass of the nudibranch

Archidoris pseudoargus. Journ. Zool. London 165: 317 - 336
SIEGEL, SIDNEY F.

1956.  Nonparametric statistics for the behavioral sciences.

McGraw-Hill, New York
SimpsoN, Tracy L.

1968. The structure and function of sponge cells: new criteria for the
taxonomy of poecilosclerid sponges (Demospongiae). Yale Univ.
Peabody Mus. Nat. Hist. Bull. 25: 1- 141

STEINBERG, JoAN EmiLy

1961. Notes on the opisthobranchs of the west coast of North America

— I. Nomenclatural changes in the order Nudibranchia (Southern Cali-

312 pp.

fornia). The Veliger 4 (2): 57 - 63 (1 October 1961)
SweENNEN, CHARLES
1961.  Data on distribution, reproduction and ecology of the nudi-

branchiate Mollusca occurring in the Netherlands.
Sea Res. 1 (1-2): 191-240
TrompsoN, THomas EVEReTT
1964. Grazing and the life cycles of British nudibranchs. In:
D. J. Crisp (ed.) Grazing in terrestrial and marine environments, pp.
275-297.  Blackwell, Oxford, England
TuoMpsoN, THomas EVERETT & ALAN BEBBINGTON
1973.  Scanning electron microscope studies of gastropod radulae.
Malacologia 14: 147 - 165
WeLLs, HarRry W, MaRY JANE WELLS & IRvING EMERY Gray
1960.  Marine sponges of North Carolina. Journ. Elisha Mitchell
Soc. 76: 200 - 245
Waite, KaTeLEEN M.
1938.  The nomenclature of British nudibranch molluscs by Alder &
Hancock and by Eliot correlated with that of British Marine Mollusca
by Winckworth. Journ. Conchol. 21: 14- 19
WINCKWORTH, RoNALD
1951. A list of the marine Mollusca of the British Isles: additions and
corrections. Journ. Conchol. 23: 131 - 134
Youne, Davip KENNETH
1966. Systematics, food and functional morphology of the feeding ap-
paratus of some dorid nudibranchs. Ph. D. dissertation, Univ. Ha-
waii, Honolulu
1967. New records of Nudibranchia (Gastropoda : Opisthobranchia :
Nudibranchia) from the central and west-central Pacific with a descrip-
tion of a new species. The Veliger 10 (2): 159-173; 18 Text
figs. (1 October 1967)
1969. The functional morphology of the feeding apparatus of some
Indo-West Pacific dorid nudibranchs. Malacologia 9: 421 - 446

Netherl. Journ.




Page 302

THE VELIGER

Vol. 18; No. 3

A Preliminary Study of Conus Venom Protein

BY

LOURDES J. CRUZ, GLORIA CORPUZ ano BALDOMERO M. OLIVERA*

Department of Biochemistry, College of Medicine, University of the Philippines

P O. Box 593, Manila, Philippines
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INTRODUCTION

ALTHOUGH THE TOXICITY of venoms of the genus Conus
has been known since a report by RumpHius in 1705
(VAN BENTHEM-JUTTING, 1959), these venoms have been
studied only intermittently since. Biochemical studies have
not been carried out to any great extent; the last major
study on the biochemistry of the venom of Conus was
carried out by KoHN, SAUNDERS & WIENER in 1960.

In this communication, we summarize some preliminary
studies on the protein of these venoms. It will be demon-
strated that the venoms have a high protein concentra-
tion, and evidence will be presented that the proteins are
responsible for toxicity. In addition, gel electrophoresis
analyses indicate that there are only a few major protein
species in each venom, with widely varying molecular
weights.

METHODS

(1) Materials

Specimens of mollusks belonging to the genus Conus
were obtained from several sources in the Philippines.
Specimens were collected either near the islands of Cebu,
Marinduque or in Batangas Province, Luzon Island. In
early studies, the mollusks were frozen in dry ice, and
stored at —5° C until the specimens were dissected. Ex-
tracted venoms were also stored at —5°, usually diluted
with distilled water. In most studies to be described,
mollusks were kept alive in salt water aquaria for several
months, and the venom was extracted only when it was

' Present address: Department of Biology, University of Utah,
Salt Lake City, Utah 84112

to be used immediately. Most studies were carried out
with Conus textile Linnaeus, 1758 and C. geographus Lin-
naeus, 1758. Typical specimens actually used are shown in
Figures 7 and 2.

Reagents used for the preparation of polyacrylamide
gels for electrophoresis came from Canal Industrial Cor-
poration, Rockville, Maryland. All organic and inorganic
chemicals used were reagent grade. Pronase (B grade)
was obtained from Calbiochem, San Diego, California.

(2) Venom Extraction

The venoms from the different species of Conus were
obtained from venom ducts by placing each duct on an
ice-cold metal spatula, then cutting out the duct in 2cm
segments, and squeezing out the contents with a pair of
forceps. The venom from each specimen was weighed,
then suspended either in distilled water or normal saline
solution.

(3) Protein Determination

An aliquot of the venom (usually 5 ul of a 20% suspen-
sion) was diluted with 0.4ml of distilled water. Proteins
were precipitated from the diluted sample by adding 0.1
ml of 50% trichloracetic acid to give a final trichloracetic
acid concentration of 10%. The mixtures were allowed to
stand over crushed ice for 10 min and centrifuged at
10000 RPM in an SS-34 Rotor in the refrigerated RC2B
Sorvall Centrifuge. The precipitate obtained was dis-
solved in 0.1 M NaOH prior to protein determination
according to the method of Lowry (1951).

(4) Disc Gel Electrophoresis

Disc gel electrophoresis was carried out in a Canalco
Disc Electrophoresis chamber, model 1200, using formu-
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Table 1

Venom samples were prepared by squeezing fresh venom out of the venom ducts, weighing the venom in a tared
vial and adding enough 0.15 M sodium chloride to yield a 20% venom solution. The venom (or control solutions,
0.15 M NaCl or a solution containing 50mg/ml of bovine plasma albumin in 0.15 M NaCl) were injected into mice
either intraperitoneally or intracisternally. Protein determinations were carried out as described under Methods;
the designation “no data” indicates that these were venom samples on which protein determinations were not
carried out.
Comparison of the Toxicity of Venoms from Different Conus Species

Venom sample Net wt. of Volume injected Total mg protein
injected mouse, g (1) injected Observations

A. Intraperitoneal Injections

0.15 M NaCl 26 500 - alive, no significant effect
Conus textile 26 500! no data alive, drowsy after injection but became very
25 50 2.5 active again; scratched the abdominal area with
30 50 2.5 hind legs
Bovine plasma 21 50 2.5 found dead after 2 days
albumin (50mg/ml) 20 50 2.5 alive
Conus aulicus 30 50 1.73 alive, normal and active right after injection
31 50 0.93 " .
28 50 1.98 found dead on the following day
Conus geographus 23 50 0.53 died after 7 min normal breathing right
29 50 0.53 died after 10 min after injection; after 6 min
27 50 0.53 died after 12 min  labored breathing started;
jumped and jerked before
death
Conus tulipa 30 50 no data died after 36 min
31 50 no data died after 27 min gasped and jerked
25 50 no data died after 45 min
Conus marmoreus 25 50 0.68 alive; no observed effect

B. Intracisternal injection
(All mice were chloroformed before injection)

0.15M NaCl 24 50 - controls looked drowsy most probably from
(control) 23 50 - CHC I3 but recovered after some time

24 50 -

21 50 - no deaths

16 50 -

19 50 —
Bovine plasma 29 50 2.5 alive; practically same behavior as controls
albumin 21 50 2.5 »
50 mg/ml 18 50 2.5 "

30 50 2.5 ”

23 50 ) »

27 50 2.5 found dead the following day

35 50 2.5 alive

21 50 2.5 alive

29 50 235 alive
Conus textile 22 501 no data labored breathing; paralysis of right arm;

tremor, then death after 30 min.

26 501 no data same difficulty with breathing; gasped for air,
eyes turned brownish red after 30 min, died
after 50 min; no tremors.

33 50 2.5 died after 5 min; gasped for air.

28 50 2.5 died after 25 min; tremors before death.
32 50 2.5 died after 2 min.

26 50 2.5 died after 7 min, 30 sec.

20 50 no data died after 20 min.
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Table 1 (continued)

Venom sample Net wt. of Volume injected Total mg protein
injected mouse, g (ul) injected Observations
Conus aulicus 27 50 1.73 alive; quickened & shallow breathing; recov-
ered after 22 min.
25 50 0.93 alive; gasped for air; shallow breathing; recov-
ered after 10 min.
27 50 1.73 alive; weak; labored breathing; recovered after
6 min.
no data 50 1.98 alive; weak; normal breathing.
no data 50 1.0 alive; fast shallow breathing; slight trembling;
jumpy.
25 50 0.93 died after 13 min & 30 sec; weak breathing,
foaming of mouth before death.
Conus geographus 28 50 0.53 died after 2% min; no tremors.
30 50 0.53 died after 3 min.
29 25 0.26 died after 5 min.

110% venom. All other samples were 20% venom.

lation prescribed by Canalco for RDS Gels. All electro-
phoreses were done at 3 milliamperes per tube for at least
one hour. Protein bands were visualized by staining the gel
with amido black, and destaining the background electro-
lytically with Canalco quick gel destainer.

RESULTS
(1) Biological Assay for Toxicity

In order to study biological effects of Conus venoms, a
preliminary survey of toxicity of these venoms was carried
out with mice. The results of these studies are shown in
Table 1. It is clear that of the species examined, C. geo-
graphus and C. tulipa Linnaeus, 1758 are the only two
that are toxic when the venom is injected intraperitone-
ally. Conus textile, C. aulicus Linnaeus, 1758 and C. mar-
moreus Linnaeus, 1758 did not cause death of mice under

these conditions. However, it was found that if the venoms
were injected intracisternally, the C. textile also showed a
definite toxic effect. These results are in agreement with
the previous biological effects demonstrated by WHYTE &
EnpEAN (1962), ENDEAN & RUDKIN (1965), and by KonnN
et al. (1960).

Autopsies of mice which died from intracisternal in-
jections of Conus textile venom showed that lung hema-
tomas were present. On the other hand, mice that died
after intraperitoneal injections of C. geographus venom
showed no hematomas; thus, the mechanism of toxicity
may be different. There is considerable variation in the
onset of death in mice after injection with 2.5 ug of C.
textile venom (2 - 25 min) ; at lower venom levels, C. geo-
graphus venom consistently caused death in less than 5
min if injected intracisternally. This supports the general
notion that C. geographus is probably the most dangerous
of all the Conus species.

Explanation of Figures I, 2

Figure 1: Two species of Conus reported to have caused injury
and death in man. Conus geographus is a fish-eating species, while
Conus textile preys on other mollusks. The scale is in centimeters.
These are shells of mollusks actually used in this study.

Figure 2: Venom apparatus of Conus textile. A, venom bulb;
B, venom duct; C, radula sheath; D, pharynx; E, proboscis. The
shell of the mollusk from which the venom apparatus is taken is
shown for comparison.




